Agronomic Behavior of Cenchrus purpureus Varieties Tolerant to Salinity by Ledea Rodríguez, José et al.
Journal of Animal Production  29 (3), 18-28, 2017 
I S S N  2 2 2 4 - 7 9 2 0  
Agronomic Behavior of Cenchrus purpureus Varieties Tolerant to 
Salinity   
José Leonardo Ledea Rodríguez, Diocles Guillermo Benítez Giménez, Ramón Crucito Arias Pérez and 
Adania Guerra Manso 
Jorge Dimitrov Center for Agricultural Research, Experimental Station of Pastures and Forages, 
Bayamo, Cuba  
ledea@dimitrov.cu 
ABSTRACT 
A study was made at the Experimental Station of Pastures and Forages, at the Jorge Dimitrov Agricultural Re-
search Institute to determine the effect of cutting age (60, 90, 120 days), and cultivar (CT-500 and CT-115) of new 
varieties of Cenchrus purpureus on some yield components . The effects of cutting age (3), cultivar (2), and their in-
teraction (3 x 2), on yields and some agronomic variables were controlled by a randomized block design. Interaction 
did not to affect the morphological variables of leaves and stems, though it did affect plant height. The cultivars had 
significant differences (P < 0.001) for the ages of 60 and 90 days; whereas for the number of basal shoots and per-
cent of dry matter in the whole plant, CT-115 was significantly higher at 60 and 120 days, respectively. The total 
growth rate and biomass duration significantly phased out at 90 days, in favor of CT-500. Both varieties showed po-
tential for high dry matter production per hectare, and only differed (P < 0.001) from the 120 days in the forage areas 
with saline soils. These results must be considered as preliminary data for the design of a variety structure in saline 
forage areas. 
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INTRODUCTION  
In Latin America, the ecosystems are changing 
due to the effects of climate change and inappro-
priate agricultural practices, which cause soil deg-
radation in grazing areas that reduce production 
and persistence of pastures and forages (Pérez-
Infante, 2013). 
The same situation is produced in Cuba, also in-
fluenced by climatic change and annual rainfall 
occurrence, which along with the effects of tem-
perature, solar radiation, long droughts and in-
creasing salinization of soils, make pasture yields 
unstable throughout the year (Argentel, Yépez 
and de los Santos, 2016). These conditions are 
more striking in the eastern part of the country, 
with prolonged droughts, high evaporation, and 
precipitation/evaporation coefficient below 0.45, 
typical of arid regions (Benítez, Cisneros, Pérez-
Infante and Nuviola, 2010).   
The Cauto Valley is a plain irrigated by the 
Cauto River basin, in the east of Cuba. It spreads 
out 4.5 thousand km2, covering regions of four 
Cuban provinces (Holguín, Tunas, Santiago de 
Cuba, and Granma), where 90% of local livestock 
raising takes place (Fajardo, 2008). The valley ar-
ea that sits in the province of Granma extends 
from the borders of the Sierra Maestra Mountain 
Range in the south, to the Guacanayabo Gulf, and 
the borders of the coastal plains in the west; to 
Santiago de Cuba in the east; and Tunas, and 
Holguín in the north (Benítez et al., 2007).    
The variability of atmospheric and meteorologi-
cal changes promotes dynamic transformations in 
the direction of humid winds (ONEI, 2015). So 
rainfall is mainly produced in the northern coast 
of the region, causing a long seasonal drought in 
the valley. This phenomenon coincides with nega-
tive edaphic effects like, erosion (13.5%), low fer-
tility (11%), poor draining (22.8%), and depletion 
of ground water sources (25%), whose overall 
impact are overlapped (Benítez, Cisneros, Pérez-
Infante, and Nuviola, 2010). On top of it, saliniza-
tion accounts for 38% of the area (Álvarez, 2009).      
To stabilize forage production in Cuba under 
such extreme conditions, in 2000, a program to 
foster Pennisetum purpureus cultivars, resistant to 
droughts (CT-115), was initiated (Herrera et al., 
2003). As a result, high salinity tolerant clones 
were generated. Herrera (2000), after molecular 
characterization of these plants through electro-
phoresis of more than five isoenzymatic systems, 
proved their variety condition, later corroborated 
for five generations with the same initial features. 
Then, in 2011, the Center for Animal Science 
donated them to the Jorge Dimitrov Center for 
Agricultural Research, in order to broaden the ex-
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isting germplasm, and to strengthen the main feed 
sources in fragile and degraded ecosystems in the 
Cauto Valley. 
The aim of this study was to evaluate the agro-
nomic behavior of varieties CT-500 and CT-115 
at different cut ages during the rainy season, for 
the particular edaphoclimatic conditions of the 
Cauto Valley. 
MATERIALS AND METHODS 
Location and behavior of climatic factors in the 
experimental area               
The study was made in the rainy season (May-
October) in 2014. The experiments were carried 
out at the Experimental Station of Pastures and 
Forages, from the Jorge Dimitrov Center for Ag-
ricultural Research, in the province of Granma, 
Cuba. It is located on the 20º 18´13” north lati-
tude, and 76º 39´ 48” west longitude. 
The local climate classifies as relatively humid 
tropical (Barranco and Díaz, 1989). The station is 
located in an area where the high, mean, and low 
temperatures are 35.4, 27.1, and 20.3 ºC, during 
the rainy season; and 34.9, 24.8, and 14.8 ºC, in 
the dry season, respectively. In both seasons, rela-
tive humidity ranges between 77.8 and 72.7 %, 
respectively, with high evaporation values in the 
rainy season (216.2 mm), and in the dry season 
(191.9 mm) (Ledea, 2016). The behavior of pre-
cipitations during the study is shown in Fig. 1.  
The soils are differentiated fluvisol (Hernández 
et al., 2015). Peña, Álvarez and Díaz (2002) in 
soil profile studies in the Cauto Valley found that 
33.3% of negative effects were caused by salini-
zation, with 100% in the location of the experi-
mental station, with salinization levels between 
weak and mid-saline. The effective depth varies 
from deep (91-150 cm) to shallow (25-50 cm). It 
has poor draining, with a flat topography. Its natu-
ral fertility is within mid and low, with an acid 
pH. Table 1 shows the chemical traits. 
Characteristics of the plant material used    
The plant material for the seed banks was sup-
plied by the Department of Pastures and Forages 
of the Animal Science Institute. The CT-500 ob-
tained by tissue culture of CT-115 was used in the 
study; the latter was used as control. Both culti-
vars were established in 10 x 20 m lots (200 m2), 
with 0.75 m among plants, and a meter between 
rows. 
Treatment, design and statistical analysis    
Factorial arrangement was made according to a 
randomized block design with four replicas, to 
evaluate the behavior of some agronomic varia-
bles and the yields of dry matter per hectare. Var-
iance analyses were performed, using linear mod-
els to control the effects of re-shooting age (3), 
variety (2), and their interaction (3 x 2), with a to-
tal of 120 observations. For normal data distribu-
tion, the Kolmogrov-Smirnov test (Massey, 1951) 
was made; variance homogeneity was measured 
using the Bartlett test. The means were compared 
through the Newman-Keuls (Keuls, 1952). 
StatSoft 10.0., for Windos, was used. The mathe-
matical model used in the analyses was,     
Yijk=µ+Ri+ECj+Vk+ (EC x V)jk+eijk 
Yijk=Variable response 
µ: common constant for all the observations                
Ri: effect of i-th replica (i=1, ….,4) 
ECj: effect of j-th cutting age (j=1,…., 3) 
Vk: effect of k-th variety (k= 1, 2) 
(EC x V)jk: combined effect of j-th cutting age 
on k-th variety 
eijk: random error ~ N (0, σ2e) 
Experimental procedure  
The seed banks used two inserted rows that co-
incided with every cutting age evaluated (60, 90, 
and 120 days). Sub-lots were formed (4.50 m 
long); each sub-lot had four replicas, and five 
plants were chosen for their respective cutting age 
in each variety. Cutting was made after measure-
ments to estimate the yields of green matter. To 
achieve that, the edge effect was removed (the 
outer rows and 50 cm at both ends of every row).  
Normalization cut was made on March 2014 to 
achieve homogeneous experimental material. 
Then, the rows were plowed and 20 t.ha-1 of or-
ganic matter was applied to the soil.   
Plant measurements      
At cutting time, five plants were chosen per rep-
lica, and their leaves, stem, and dead materials, 
were removed, using stainless steel shears. Later, 
the methodology suggested by Herrera et al. 
(2003) was applied to measure plant height (from 
the base to the apical cone, using a meter ruler), 
the number of green leaves, percent of stems, and 
the number of basal shoots from the culm. 
The fourth leaf was selected to measure length 
and width, according to Herrera (2006). The leaf 
width was estimated from the average of meas-
urements made with a millimeter ruler to the base, 
mid, and apical segments, whereas the estimation 
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of length started at the base and way up the apex 
(millimeter ruler). Stem thickness was estimated 
by measuring the fourth internode with a 0.05 mm 
gauge meter (CДEЛAHO).  
The percentage of green leaves and dead mate-
rials (DM%) were considered. Also included were 
the number of nodes and internodes, green stem 
percentage, dry matter yields per hectare, and the 
content of dry matter from leaves, stems, and 
whole plant. The leaf-stem-dead material ratio es-
timation required a sample of 200 g of green 
mass, from which the dry matter of each compo-
nent was determined, according to Herrera 
(2006). 
RESULTS AND DISCUSSION 
Figure 2 shows the effect of cultivar interaction 
with cutting age on the Absolute Growth Rate 
(AGR), related to Biomass Duration (BD). The 
highest AGR value was observed at 120 days of 
cut for CT-115; it was common for the 90-day ag-
es in the two varieties; and CT-500 at 120. The 
significantly low values were observed at 60 days 
for either variety, and differed from the rest of the 
age average evaluated. BD was significantly 
higher at 90 days for the CT-500, compared to 
CT-115; it was significantly different within its 
own averages at the 60 and 120-day cutting ages, 
and the CT-115 differed most at 60 and 90 days.    
This behavior proved that CT-500 and CT-115 
grew at completely different rates, so they accu-
mulated DM at different speeds. It indicated that 
the innate features of each variety were the ones 
that differentiated the phenotypical responses ob-
served in the rainy season. Uvidia, Leonard, 
Benítez and Buestan (2013) noted that it was 
caused by different environmental stimuli, when 
certain genes that promote specific activities were 
activated. If produced in concomitance with regu-
lating and enzymatic factors, it could manifest 
very quickly, or not, which might have been pre-
sent in the effect studied. 
The AGR produced by CT-115 and CT-500 was 
lower than the results achieved by Rincón, 
Ligarreto and Sanjuanelo (2007), when they made 
individual evaluation of maize in association with 
naturalized pasture, and the pasture achieved by 
Uvidia, Leonard, Benítez, and Buestan (2013), in 
Amazon ecosystems (Pennisetum purpureum vc 
Marafalfa) for the fifth week (35 days), eighth (56 
days), and twelfth (84 days), with 4, 5, 8, and 4 
cm, respectively. These authors also stated that 
during the week of the highest active growth, the 
plant had the best DM yields. From week 12, 
stems and DM began to accumulate. However, 
figure 2 shows that this phenomenon lasted to 120 
days, though it declined for the CT-500, but with-
out significant differences from the former age, or 
by the CT-115 age for the 120 days.   
Regarding plant height (Fig. 3), both varieties 
had significant higher values for the 120 days. 
The values for the rest of the ages were alternat-
ingly similar for the varieties, though they dif-
fered in terms of individual age averages for the 
CT-115 and CT-500. The average for the 120 
days was higher than the reports made by 
Cordoví, Ray, Nhatumbo, and Chimbalamala 
(2013), and Fernández, Viamonte, Fonseca, and 
Ramírez (2015) for C. purpureus varieties in de-
graded ecosystems under severe seasonal drought. 
However, they were lower than the results 
achieved by Ramírez (2010a) in varieties tolerant 
to droughts near the mountains, where the culti-
vars received the benefits of the local climate.    
The precipitations had a marked influence on 
plant growth, especially on height. Figure 3 shows 
that the climate period in which the study took 
place, the precipitations were above the historical 
monthly means (Fig. 1). It caused a rise in soil 
salt solubility, which may have influenced posi-
tively on plant height (from 70 cm to more than 
200 cm), regardless of the low specialization of 
graminaceae root systems (Rosenzweig et al., 
2014). According to Argentel, Garatuza, Yépez, 
and de los Santos (2016), it is directly linked to 
root development, particularly root length (Nevo 
and Chen, 2010), as an important indicator to 
evaluate tolerance to salinity of various plant spe-
cies.  
Argentel, Garatuza, Yépez and de los Santos 
(2016) on evaluation of different wheat varieties 
in saline ecosystems in the east of Cuba, found 
that the plant height was closely linked to their 
root development. However, this phenomenon did 
not coincide with Hernández et al. (2003), who 
said that root development in the rainy season is 
reduced by a relocation of nutrients in the aerial 
parts of plants. Seemingly, plants tolerant to salin-
ity modified root development, as a salinity com-
pensating or adapting mechanism, so it must be 
inferred that CT-115 and CT-500 had a positive 
root development that facilitated a more efficient 
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exploration of the environment they developed, 
and reached the heights shown in Fig. 3. 
Plant height influenced its structure composition 
(Fig. 4). As the cutting age increased, the propor-
tion of leaves in relation to stems was negatively 
inverted. Nevertheless, for the 60 days, CT-500 
had an almost 50/50% proportion; for the other 
ages, the proportions were moved to the stems, 
which was not observed in CT-115, with more 
leaves than stems, for all the ages studied.    
The CT-500 behavior was similar, as were the 
lower values achieved by Reyes et al. (2015) in 
sugar cane and CT-169, respectively, in grazing 
conditions throughout the two seasons. CT-115, 
however, had a similar behavior to the reports 
made by Roncallo, Sierra and Castro (2012), in 
Cenchrus purpureus, but better than the reports by 
Reyes et al. (2015). These structural modifica-
tions are related to the growing habit of 
graminaceae, and the incidence of climatic fac-
tors, and the plant´s capacity of response to the 
above-mentioned factors (Calzada et al., 2014). 
These results coincided with the reports by Her-
rera (2006), Álvarez (2009), and Ramírez 
(2010b), regarding the high proportion of leaves 
of CT-115, especially caused by internode short-
ening, and the number of nodes produced (ap-
proximately 10). This allowed for higher nutrient 
yields in the leaves for animal consumption (11% 
dry protein) (Febles and Herrera, 2006). In that 
sense, Álvarez (2009) said that among pasture 
components, the leaves are the best source, be-
cause animals can consume the required nutri-
tional elements for development, including large 
amounts of soluble components from the tissues 
of thin-wall cells filled with cytoplasm (Pérez 
Infante, 2013).  
Consequently, significant differences were 
achieved for structural behavior, in terms of dry 
matter percentage from the whole plant (Fig. 5).  
CT-500 significantly accumulated more dry mat-
ter from the whole plant at the 120-day cut, which 
differed (P < 0.001) from its own averages at the 
60-day cut; CT-115 behaved similarly at the 60 
and 90-day cuts. The values for the 90 and 120 
days for CT-500 and CT-115 were not significant 
(P ≥ 0.05) regarding the highest value. This value 
was higher than the one achieved by Cordoví, 
Ray, Nhatumbo and Chimbalambala (2013), in 
three varieties of C. purpureus in semi arid condi-
tions south of Mozambique; whereas the DM 
yields of CT-115 and CT-500 (Fig. 6) were higher 
than the values achieved by Fernández, Viamonte, 
Fonseca, and Ramírez (2015), when they evaluat-
ed two varieties of C. purpureus tolerant to 
droughts in both seasons. They also were higher 
than the results reported by Valles de Mora, Cas-
tillo, and Berna (2016), when they evaluated ten 
tropical graminaceae in the two seasons, in 
Tlapacoyan, Veracruz, Mexico. 
Regardless of this behavior, CT-115 was signif-
icantly better than CT-500 in DM yields.ha-1, at 
150 days; this value differed from the rest of the 
averages observed for the ages studied for both 
CT-115 and CT-500. No significant differences 
were observed for the other ages (P > 0.05) in 
terms of DM.ha-1 accumulation. 
Despite the previous differences, dry matter 
yields were not affected by soil salinity, with an 
electric conductivity of 0.047, 0.10, and 0.05 
dS.m-1, in saturated patches 0-20, 20-40 and 40-
60 cm deep, respectively (Ledea, 2016). In that 
sense, Schroeder et al. (2013), explained that 
when saturated conductivity patches were over 
3.6 dS.m-1, the crops experimented yield drops, 
due to difficulties in processes that determined 
osmotic adjustment. Accordingly, Argentel, 
Garantuza, Yépez, and de los Santos (2016), said 
that the accumulation of dry matter in saline soils 
depends a great deal on the plant´s water rela-
tions, and the regulation capacity of the variable, 
through active accumulation of inorganic 
osmolites and ions. This effect could have been 
stimulated by the occurrence of precipitations.     
The amount of basal shoots generated by a plant 
was closely linked to the productive behavior. 
Fig. 7 shows the cultivar-cutting age ratio for the 
variable. However, the 60 and 90-day averages 
did not show any significant statistical differences 
(P > 0.05). The opposite was observed for CT-115 
at 120 days.  
The number of basal shoots was lower than the 
values reported by Díaz (2007), at different re-
shooting ages (86, 112, and 154 days), and the 
ones reported by Martínez et al. (2010) when they 
evaluated Cuba CT-169 and OM-22 in the rainy 
season. The behavior observed in Fig. 7 owed 
mainly to the mobilization of reserve substances 
within the plant, to generate basal shoots. At 60 
days, CT-500 had more soluble carbohydrates that 
were mobilized over basal shooting (Ayala, 
1990), which occurred when the stem began to 
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age, suggesting faster maturation of the variety. 
However, maturation of CT-115 was identified at 
90 days, then it dropped at 120 days, due to the 
end of growth and mobilization of carbohydrates 
into the roots to ensure re-shooting (Fortes, 2014).   
CONCLUSIONS 
The cultivars had significant differences 
(P < 0.001) for the 60 and 90 cutting ages, where-
as for the number of basal shoots, and dry matter 
percentage from the whole plant, CT-115 was 
significantly higher at the 60 and 120 days, re-
spectively. The absolute growth rate and biomass 
duration were significantly phased out at 90 days, 
favoring CT-500. Both varieties showed a produc-
tion potential for dry matter per hectare, and only 
differed (P<0.001) for the 120-day age in forage 
areas with saline soils.  
RECOMMENDATIONS     
These results should be considered as prelimi-
nary data for the design of varietal structures in 
forage areas with low salinization. Also, new va-
rieties generated by tissue culture should be sub-
mitted to evaluation in areas with higher saliniza-
tion levels. 
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Fig. 1. Behavior of precipitations between October 2013 and October 2014 
 
 
 
 
Table1. Chemical cmposition of the soil used for the study 
pH Mg/100 g of soil OM %  Total soluble salts 
% KCl H2O P2O5 K2O 
4.7 6.3 2.2 7.3 2.10 0.439 
 
 
 
 
 
ab Different letters within the same age differ for P<0.001, according to 
Newman Keuls (StatSoft 2010) 
Fig. 2. Effect of cultivar-cutting age interaction on the absolute 
growth rate (in black), related to biomass duration (in 
gray) 
  
 
 
 
 
 
 
 
 
Fig. 4. Effect of cultivar-cutting age interaction on 
leaf-stem ration 
 
ab Different letters within the same age differ for P<0.001, according to Newman Keuls 
(StatSoft 2010) < 
Fig. 3. Effect of cultivar-cutting age interaction on plant height 
  
 
 
 
 
 
a, b, c Different letters within each age differ for P<0.05, according to New-
man Keuls (StatSoft 2010) 
Fig. 6. Effect of cultivar-cutting age interaction on yields of 
DMt/ha-1 
ab Different letters within the same age differ for P<0.001, according to 
Newman Keuls (StatSoft 2010)ab  
Fig. 5. Effect of cultivar-cutting age interaction on the percent of 
dry matter from whole plant 
  
 
 
 
 
 
ab Different letters within the same age differ for P<0.05, according to 
Newman Keuls (StatSoft 2010) 
Fig. 7. Effect of cultivar-cutting age interaction on the number 
of basal shoots  
